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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method capable of 
producing a sintered compact free from the generation of crack 
even in a large sized or complicated ceramic formed body, small in 
deformation and having excellent dimensional accuracy. 
SOLUTION: This sintering method of the ceramic formed body 
comprises charging a ceramic powder in a firing tool 4. taping the 
ceramic powder so as to be 1 5-70% in relative density to form a 
powder bed 3, arranging a ceramic formed plate 2 on the powder 
bed 3, placing the ceramic formed body 1 on the ceramic molded 
plate 2 and sintering. The material of the ceramic formed body 1 
and the ceramic formed plate 2 are preferably the same and it is 
preferable that the flatness of the upper surface of the ceramic 
formed plate 2 is <1mm and the difference of sintering shrinkage 
factor between the ceramic formed body 1 and the ceramic formed 
plate 2 is <1%. 
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* NOTICES * 




iTPO and NCI PI are not responsible for any 
daxnages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The sintering approach of the ceramic Plastic solid characterized by sintering after putting in ceramic 
fine particles in biiming tools, tapping said ceramic fine particles to 15 - 70% of relative density, forming a fine- 
particles bed, arranging the ceramic shaping plate of the same construction material as the ceramic Plastic solid 
which serves as a product on said fine-particles bed and laying said ceramic Plastic solid on said ceramic 
shaping plate. 

[Claim 2] the sintering approach of a ceramic Plastic solid according to claim 1 — setting — said ceramic 
shaping plate — the base of said ceramic Plastic solid — large — and the configuration of the base of said 
ceramic Plastic solid — receiving — substantial — an analog ~ or the sintering approach of the ceramic Plastic 
solid cheiracterized by the circular thing. 

[Claim 3] The sintering approach characterized by the thing of said ceramic shaping plate for which elevated- 
temperature solid-state lubricant is applied to an underside at least in the sintering approach of a ceramic Plastic 
solid according to claim 1 or 2. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Also with the ceramic Plastic solid of a large mold or a compHcated configuration, this 
invention does not have a crack, and there is very little deformation and it relates to the sintering approach that 
dimensional accuracy can manufacture a good sintered compact. 
[0002] 

[Description of the Prior Art] The ceramic sintered compact fits the utilization as a heat-resistant structural 
member with cruel service conditions in an elevated temperature, such as a gas turbine member, fi-om points, 
such as high intensity, high thermal resistance, high thermal shock resistance, high abrasion resistance, and 
oxidation resistance. However, since it contracts greatly in case a ceramic Plastic solid is sintered, the 
dimensional accuracy of the sintered compact obtained tends to fall. Especially, since it is liquid phase sintering 
which the liquid phase generates fi-om 1400-degree-C order in the case of the Plastic solid of the silicon nitride 
system ceramics, a possibility that big deformation may take place out of a crack or prediction in response to the 
effect of external force, such as gravity and a slide wire, has the maintenance capacity of the initial form of a 
Plastic solid highly. The following techniques are proposed in order to solve such a problem. 
[0003] In case the sintering approach of ceramic cylindrical parts given in JP,6-279092,A sinters a cylindrical 
ceramic Plastic solid, the sintering auxiliary implement (surface flatness is less than 1mm) which consists of a 
plate-like ceramic Plastic solid of the same construction material as a cylindrical ceramic Plastic solid is used 
for it as a cover plate. Since both sintering contraction behavior is almost the same (the difference of both 
sintering contraction is below 1 %), generating of distortion by mutual interventions, such as deformation, is 
suppressed at the time of sintering contraction. 

[0004] Moreover, in case the deformation prevention approach of a sintered compact given in JP,7-278608,A 
sinters a ceramic Plastic solid, under a Plastic solid, it covers with ceramic crushed stone-like fine particles, the 
load of a Plastic solid is supported to homogeneity, and it has prevented [ spherical or ] deformation of a Plastic 
solid. 
[0005] 

[Problem(s) to be Solved by the Invention] However, by the approach of JP,6-279092,A, when the pars basilaris 
ossis occipitalis of the buming tools which put in the plate-like Plastic solid used as a sintering auxiliary 
implement is deforming for the heat history, there is a problem of also transforming a ceramic sintered compact 
in response to the effect of the deformation. Moreover, by the approach of JP,7-278608,A, when some Plastic 
solids tend to be hidden in a powder bed during sintering contraction, the resistance to contraction arises, and a 
load becomes an ununiformity, and the problem that big deformation and a big crack occur is in the sintered 
compact obtained too. 

[0006] Therefore, even if the object of this invention cancels the above-mentioned trouble and is the ceramic 
Plastic solid of a large mold or a complicated configuration, it is offering the sintering approach the sintered 
compact of high dimensional accuracy being obtained, without generating big deformation and a big crack. 
[0007] 

[Means for Solving the Problem] When laying the ceramic Plastic solid through the ceramic shaping plate in 
view of the above-mentioned object on it by preparing the bed with which this invention person etc. comes to 
fill up ceramic fine particles by tapping in buming tools as a result of wholeheartedly research and sintering, 
even if it was the ceramic Plastic solid of a large mold or a complicated configuration, it discovered that there 
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was no crack and a sintered compact with very little deformation was obtainea, and this invention was 
completed. 

[0008] That is, it is characterized by sintering, after putting in ceramic fine particles in buming tools, tapping 
said ceramic fine particles to 1 5 - 70% of relative density, forming a fine-particles bed, arranging a ceramic 
shaping plate on said fine-particles bed and laying said ceramic Plastic solid on said ceramic shaping plate. 
[0009] 

[Embodiment of the Invention] This invention is explained to a detail below. 

[1] Ceramic Plastic solid (1) Although especially the construction material of the ceramic Plastic solid used for 
the sintering approach of construction material this invention is not limited, the silicon nitride system ceramics, 
the silicon carbide system ceramics, the silicon nitride-silicon carbide compound ceramics, alxmiina system 
oxide ceramics, etc. are mentioned. 

[0010] In the case of the silicon nitride system ceramics, the mixture of silicon nitride powder and sintering acid 
powder is used. It is desirable to use that whose mean particle diameter is about 0.1-1 micrometer as silicon 
nitride powder, moreover ~ as sintering acid powder ~ Y2 03 Independence or Y2 03 further — alxmiinum 
203, Yb 203, and Hf02 etc. ~ using together is desirable and, as for the mean particle diameter, it is desirable 
that it is 0.1-10 micrometers. Moreover, the silicon nitride powder obtained by the reaction-sintering method of 
silicon powder may be used. 

[001 1] Moreover, as for silicon nitride-silicon carbide compound ceramic powder, producing by the reaction- 
sintering method is desirable. In the case of a reaction-sintering method, a mean diameter adds the carbon black 
powder and sintering acid powder which are 20-micrometer or less extent to the silicon powder whose mean 
diameter is about 0.2-20 micrometers first, and adds little silicon nitride powder and silicon carbide powder to it 
if needed further. As sintering acid powder, it is (a). One or more sorts of compounds chosen from the group 
which consists of an oxide of a periodic table 3 A group element and 4A group element, or the above (a) (b) 
What consists of alumimium nitride is desirable. After blending the above-mentioned powder and fully mixing 
by the ball mill, a kneader, etc., the obtained mixed powder is heated in temperature of 1450 degrees C or less 
in nitrogen-gas-atmosphere mind, and nitriding and carbonization of silicon powder are performed 
simultaneously. The detail of such silicon nitride-silicon carbide compoxmd ceramic powder is indicated by 
JP,8-225311,A. 

[0012] (2) In the case of a large-sized article with many amounts of contraction by sintering, the big 
deformation by contraction, a complicated configuration article with large fear of generating of a crack, etc., 
effectiveness is large although especially the configuration of the ceramic Plastic solid which applies the 
sintering approach of configuration this invention is not limited. Moreover, since it deforms with the slight 
stress produced during sintering also in a light-gage article, the sintering approach of this invention is desirable. 
[0013] (3) As the shaping approach of the shaping approach above-mentioned ceramic Plastic solid, the slip 
casting fabricating method, the injection-molding method, a press-forming method, etc. are mentioned. It is 
especially a complicated configuration and, in the case of a large-scale Plastic solid, the slip ceisting fabricating 
method is desirable. 

[0014] [2] Put a burning-tools Plastic solid into buming tools, such as a crucible, and sinter it. It is desirable to 
use what usually serves as a ceramic Plastic solid from the ceramics of the same construction material 
substantially by the core box as buming tools. Although buming tools are used repeatedly, as shown in drawin g 
1 , they deform gradually. If it covered with the ceramic fine-particles bed 3 upwards and the ceramic shaping 
plate 2 is arranged so that it may mention later although the dimensional accuracy of the sintered compact 
obtained from Plastic solid 1 will be influenced if deformation of pars-basilaris-ossis-occipitalis 4a of buming 
tools 4 becomes large especially, the effect of pars-basilaris-ossis-occipitalis 4a which deformed will 
completely be lost. 

[0015] [3] Ceramic fine-particles bed (1) It is desirable to use the powder of the heat-resistant ceramics which 
the sintered compact stable [ chemically ] and done in the ambient atmosphere at the time of sintering of a 
ceramic Plastic solid (for example, the case of a silicon nitride system Plastic solid elevated-temperature 
nitrogen gas) as ceramic fine particles used for a ceramic fine-particles fine-particles bed is not influenced of 
contamination by the impurity, and cannot agglutinate comparatively easily. As a desirable example of such 
heat-resistant ceramic powder, silicon nitride powder, boron nitride powder, etc. are mentioned. 
[0016] (2) while stabilizing the heat treatment ceramic fine particles of ceramic fine particles — ammonia and 
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SiO 2 etc. ~ in order to remove an impurity, heat-treating beforehand is desirable. Although heat treatment 
conditions change with classes of ceramic fine particles, it is desirable to consider as 1 - 4 hours at 1700-1900 
degrees C, for example in the case of silicon nitride powder. It can change silicon nitride fi-om alpha mold to 
beta mold, and an impurity is not only removable with this heat treatment, but can stabilize it. When 
condensation takes place by heat treatment, particle size is arranged by grinding and the classification. 
[0017] (3) The ceramic fine particles which form the particle-size fine-particles bed of ceramic fine particles are 
especially 1-500 about 1-1500 micrometers from a practical viewpoint, although the thing of what kind of 
particle size may be used as long as slipping with the ceramic shaping plate arranged on it is good. What has the 
particle size about mum is desirable. Smooth slipping of 1 500-micrometer super-* ***** and a ceramic shaping 
plate is not acquired for the particle size of ceramic fine particles. In addition, the minimum of particle size 
becomes settled from a practical viewpoint for dancing only at the time of handling and preventing a riser etc. 
[0018] Ceramic fine particles are recyclable also after using it for sintering of a ceramic Plastic solid. Although 
ceramic fine particles are condensed a little at the time of sintering, it can be made a desired particle size by 
carrying out grinding and a classification. Moreover, in order to make handling of ceramic fine particles easy, 
they are dozens - 100 micrometers of numbers by the spray-drying method etc. You may granulate in the 
magnitude of extent. 

[0019] (4) In order to form the tamping fine-particles bed of ceramic fine particles, tap ceramic fine particles 
with suitable rocking equipment. The fine-particles bed which tapped has 15 - 70% of relative density. Since 
deformation of the big irregularity to a shaping plate arises during sintering when the relative density of a fine- 
particles bed is less than 15%, a possibility that big deformation and a big crack may occur is in the sintered 
compact obtained. Moreover, although the deformation of the shaping plate under sintering is so small that the 
relative density of a fine-particles bed is large, since the cost for manufacture of the fine particles for fine- 
particles beds not only starts realizing high relative density, but the time amount which tapping takes becomes 
long, productivity falls. For this reason, 70% or less is enough as the relative density of a fine-particles bed. The 
more desirable relative density of a fine-particles bed is 17.5 - 55%, and 17.5 - 40% is the most desirable. In 
addition, although the range of desirable relative density changes with fine particles to be used, when relative 
density is 17.5 - 25.5%, and boron nitride, the range whose relative density is 32 - 36% is desirable in the case 
of silicon nitride. 

[0020] You may press, when making the front face of a fine-particles bed flat after tapping. The pressure of a 
press has the desirable range of 0.9 -2.0kPa. Even if pressed by the pressure of this level, the consistency of a 
fine-particles bed hardly changes. 

[0021] (5) It is necessary to make the thickness fine-particles bed of a fine-particles bed into thickness whose 
effect of the buming-tools pars basilaris ossis occipitalis which deformed is completely lost. For that, there 
should just usually be thickness of about 5-30mm. It is not desirable in order that the effect of deformation from 
a buming-tools pars basilaris ossis occipitalis may remain, if it is less than 5nmi. On the other hand, it is useless 
in order that there may be no difference in the effectiveness of a fine-particles bed, even if it exceeds 30mm. 
[0022] [4] Ceramic shaping plate (1) If a direct ceramic Plastic solid is arranged at the bottom of construction 
material buming tools, each part of a Plastic solid will receive the slide wire by burning tools in the case of 
contraction of the Plastic solid at the time of sintering, and it will become easy to generate big deformation and 
a big crack. In order to prevent this, a ceramic fine-particles bed and a ceramic shaping plate are put in in 
buming tools, and a ceramic Plastic solid is laid on it. 

[0023] Although a ceramic shaping plate is for preventing that slipping occurs between Plastic solids by 
contracting together with a ceramic Plastic solid at the time of sintering, since a ceramic shaping plate also 
imdergoes a sintering reaction, it must not be construction material which has an adverse effect on the sintering 
reaction of a ceramic Plastic solid. For that, it is desirable to set up the construction material of a ceramic 
shaping plate so that the difference of contraction with a ceramic Plastic solid may become 1% or less, it is 
desirable for that to form a shaping plate with the same ceramic ingredient substantially with a Plastic solid, and 
it is more desirable that it is the ceramic ingredient of the same manufacture lot. 

[0024] (2) Although especially the configuration and size of a ceramic shaping plate are not limited unless 
deformation etc. takes place during sintering, while being able to prevent that slipping occurs between 
configuration Plastic solids, reduce a slide wire with a fine-particles bed as much as possible, and make 
deformation small, and it is substantially desirable for it to are circular and to consider as slightly bigger size 
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P^lfc solid in an analog, to the configuration o^l^ 1 



than the base of a ceramic Plalnc solid in an analog, to the configuration ot-The base of a ceramic Plastic solid, 
because of ingredient cost reduction. In being circular, it makes the base of a ceramic Plastic solid completely 
circular [ wrap size ]. However, it is also possible to lay two or more Plastic solids on one shaping plate 
depending on the permissible level of the sintering deformation of a Plastic solid, and to sinter simultaneously. 
[0025] It is desirable that it is less than Imm about the flatness of the top face of a ceramic shaping plate. The 
deformation given to a ceramic Plastic solid may become small, and deformation prevents flatness, so that it is 
small. If flatness exceeds 1mm, the big deformation force to a ceramic Plastic solid will work during sintering. 
[0026] (3) It is desirable to apply the elevated-temperature solid-state lubricant of a surface-preparation ceramic 
shaping plate which acts as a release agent for antisticking of ceramic fine particles while reducing a slide wire 
with a fine-particles bed on the underside at least. While preventing that the obtained sintered compact adheres 
to a ceramic plate, in order to also prevent few slide wires generated between ceramic Plastic solids at the time 
of sintering contraction, it is more desirable to apply elevated-temperature solid-state lubricant also to the top 
face of a ceramic shaping plate. 

[0027] [6] Although sintering condition sintering conditions change with construction material of a ceramic 
Plastic solid, they are good on condition that usual [ which is performed to each ceramics ]. For example, in the 
case of the silicon nitride system ceramics or the silicon nitride-silicon carbide compound ceramics, it is 1500- 
2000 degrees C in temperature preferably, and 1500 degrees C or more of Plastic solids are sintered at the 
temperature of 1700-2000 degrees C still more preferably. When it is a Plastic solid by the slip casting 
fabricating method, it is desirable to sinter at the temperature of 1900-2000 degrees C. The reinforcement and 
the toughness of a sintered compact fall that sintering temperature is less than 1500 degrees C. Sintering is 
preferably performed in nitrogen-gas-atmosphere mind among a non-oxidizing atmosphere. As for ambient gas 
pressxire, at this time, it is desirable to consider as 0.15 - 0.98MPa extent. Moreover, as for sintering time 
amount, in the case of the Plastic solid by about 1-5 hours, especially the slip casting fabricating method, 
considering as about 4 hours is desirable. 
[0028] 

[Example] Although the following concrete examples explain this invention to a detail further, this invention is 
not limited to them. 

[0029] In the burning tools made from the example 1 silicon-nitride ceramics, the silicon nitride powder (mean 
particle diameter: 0.4 - 0.5 mum, UBE-SN-EIO, the Ube Industries, Ltd. make, however average condensation 
particle-size: 100 - 200 mum) beforehand heat-treated at 1900 degrees C was put in by 30mm Fukashi, and it 
considered as 17.6% of relative density by oscillating tapping, and pressed lightly by the pressure of 0.9 - 
2.0kPa, and the bed of silicon nitride powder was formed. 

[0030] 96.5 % of the weight (mean particle diameter: 0.4 - 0.5 mum, UBE-SN-ElO, Ube Industries, Ltd. make) 
of silicon nitride powder, Y2 O 3 powder (mean-particle-diameter: — 5-10 micrometers and purity: — 99.9%) 
2.5 by Japan yttriimi incorporated company Weight % and die length 300-600 mum aluminxim 203 Fiber 1.0 
Powder mixture 100 which consists of weight % As opposed to the weight section The pure-water 42 weight 
section and dispersant 0.9 The weight section was added and the ball mill ground for 65 hours. 
[0031] The slurry of the obtained powder mixture was used and Plastic solid 1 of the configuration with which 
the tabular ring (outer diameter: 195mm) of a couple was united through the blade member of 19 sheets by the 
slip casting method as shown in drawing 1 and 2 was produced. Moreover, the diameter produced the disc-like 
shaping plate 2 with a larger thickness [ than 195 mm ] of 8mm firom the same slurry. BN powder (mean 
diameter: 0.6-3.5 mvmi, boron spray by **** tech incorporated company) was applied to both sides of the disc- 
like shaping plate 2. 

[0032] As shown in drawing 1 , the disc-like shaping plate 2 has been arranged as a cover plate on the silicon 
nitride powder bed 3 in burning tools 4, above-mentioned Plastic solid 1 was laid on it, and lid 4b of burning 
tools 4 was carried out. Burning tools 4 are laid in a sintering furnace, and it is 0.98MPa. It sintered at 1900 
degrees C in nitrogen-gas-atmosphere mind for 4 hours. There was no generating of a crack in the obtained 
sintered compact, and there was very little deformation. 

[0033] As shown in drawing 2 on the basis of the processing side of the underside of the obtained sintered 
compact, height H of an about five trailing edge shroud side was measured. The result of dispersion in H is 
shown in drawing 3 R> 3. Among drawing 3 , a blade number shows the serial number given to all the blades 
located in the shape of a periphery, and corresponds to the location of a circvimferencial direction. It is the 
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dispersion HI of the height o^l^ shroud side near the traihng edge of the of 19 sheets so that clearly 
from drawing 3 . It is [ whether it is small and ] 0.2mm. It was less than. 

[0034] Diameter 850 of puncturing after grinding lightly the siHcon nitride powder used in the example 2 
example 1 mum It classified using the screen. Thus, the bed was produced like the example 1 using the recycled 
silicon nitride powder, and it sintered on the same conditions as an example 1 . When the obtained sintered 
compact was observed, there was no generating of a crack and there was very little deformation. Moreover, 19 
sheets are described and dispersion in the height of the shroud side near the trailing edge of - N is 0.2mm. It was 
less than. 

[0035] The silicon nitride ceramic Plastic solid was sintered like the example 1 except having used boron nitride 
powder (DENKA boron nitride great GP, the DENKI KAGAKU KOGYO K.K. make, mean-particle- 
diameter:3.5 mum) instead of silicon nitride powder for example 3 fine-particles beds. When the obtained 
sintered compact was observed, there W2is no generating of a crack and there was very little deformation. 
Moreover, 19 sheets are described and dispersion in the height of the shroud side near the trailing edge of - N is 
0.2nmi. It was less than. 

[0036] In the buming tools made from the example of comparison 1 silicon-nitride ceramics, the same thing as 
the Plastic solid produced in the example 1 was laid directly, and it sintered on the same conditions as an 
example. When the obtained sintered compact was observed, remarkable deformation of 1mm or more 
occurred. 

[0037] Without covering with the bed of silicon nitride powder in the buming tools made from the example of 
comparison 2 silicon-nitride ceramics, the shaping plate which appUed BN powder like the example 1 has been 
arranged, and the too same Plastic solid as an example 1 was laid on it. When this was sintered on the same 
conditions as an example 1, height H of the shroud side near the trailing edge of the obtained sintered compact 
was measured. A result is shown in drawing 3 . It is the dispersion H2 of the height between the blades of 19 
sheets so that clearly from drawing 3 . It was as large as more than 0.8 mm, 

[0038] After covering with silicon nitride powder like an example 1 in the buming tools made from the example 
of comparison 3 silicon-nitride ceramics, relative density was made into 13.8% by oscillating tapping. The press 
after oscillating tapping was not performed. On this silicon nitride powder bed, the silicon nitride ceramic 
shaping plate has been arranged and the Plastic solid same on it as an example 1 was laid. This was sintered on 
the same conditions as an example 1 . Height H of the shroud side near the trailing edge of the obtained sintered 
compact was measured. A result is shown in drawing 3 . It is the dispersion H3 of the height between the blades 
of 19 sheets so that clearly from drawing 3 . It was as large as 0.45mm or more. 
[0039] 

[Effect of the Invention] Since a ceramic Plastic solid is laid through the ceramic shaping plate which can 
prevent the effect of deformation of the buming tools made from the ceramics, and consists of same ceramic 
ingredient as a Plastic solid since the ceramic fine-particles bed which carries out tapping restoration and 
becomes is used in buming tools by the sintering approach of the ceramic Plastic solid of this invention as 
explained in fiill detail above, the effect by the difference of contraction of a shaping plate and a Plastic solid 
can be prevented. Therefore, even if it is the Plastic solid of a complicated configuration, there is no generating 
of a crack, and there is very little deformation, and configuration precision is good and can obtain the sintered 
compact of high intensity. Moreover, since the buming tools made from the ceramics can be used repeatedly 
and can also recycle ceramic fine particles by grinding and the classification also after they deform remarkably, 
the manufacturing cost of a sintered compact can be reduced. Since it can sinter with a sufficient precision even 
if it is a complicated configuration according to the approach of this invention, the obtained sintered compact 
can be used as a heat-resistant load member as which high degree of accuracy is required. 
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[Drawing 1] 
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[Drawing 3] 
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